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Motivation ——

® H — uuis arare decay with a S — ||
clean final state signature. But F F El
there are very large irreducible £ ;T/f’ﬂ
backgrounds from Z and diboson qui —
— very challenging detection P

® Measure the SM Higgs Yukawa o E
coupling to the 2nd generation -
fermions SN E

® High luminosity of LHC run 2 will = f |
offer greatly increased sensitivity B R R

M,, [GeV]

® Paper based on 2015+2016 data
sets (at 13 TeV) has been recently
accepted to PRL on June 20,
2017 arXiv:1705.0458 Br(H>uu) = 2.2 x 104
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Higgs production at the LHC

* Production mechanism are
shown in right diagrams

* Search for H=>uu has been g ol N ; :IH

ggH ttH/bbH

carried out using ggH and g g N
VBF production modes VBE VH

* We are now developing the ' — e
framework by including the e Tt
VH and ttH/bbH production y ¢ Wiz
modes

10.23731/CYRM-2017-002

Mode ggH VBF ZH WH bbH ttH
o(H) (13 TeV) [pb] 43.92 3.75  0.975 1.38 0.512 0.509
N (300 fb') for 2898 247 64.3 91.1 33.8 33.6
H->pp
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Data and MC Samples

® Data used in analysis
— 13TeV, 36.1 fb' (2015 + 2016

datasets)
® Monte-Carlo samples are used

to: | Process Generator /Parton Shower
— Develop categorization VBF Powheg /Pythia 8
— Develop background model ; ggH Powheg/Pythia 8
— Develop signal model | ZH Powheg/Pythia 8
— Train BDT to extract signal ' WH Powheg,/Pythia 8
_ : : Drell-Yan Madgraph /Pythia 8

Estimate experimental —
rtaint tt/single top Sherpa
uncertainty Diboson Sherpa

® Backgrounds considered:
— Diboson (ZZ, ZW, WW)
production
— Single top and ttbar
production
— Drell-Yan (Z+jets, W+jets)
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Muon Selection

Muon selection

pz:cel SCT
' z+s%%§ > O, nhﬂﬂf?ﬂ%
. pize pm:e
ID hits TRT holes TR<T3 hits+outliers > 9
Nyt > 0.1 Xm0 s for 0.1 < In| < 1.9

Niayers > 1 for |77| > 01: Niayers >=1
and Nygyerholes < 2 for |n| < 0.1
where hit layers are defined for
layers in MDT or CSC with at least three hits.

MDT/CSC hits

Track Quality q/p significance < 7
Pt Pt>15GeV

n Nl < 2.5

Isolation LooseTTackOnly

Impact parameter d  |dy " signifigance| < 3
Impact parameter z 53 V' x sin(#)| < 0.5mm
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H-> uu Event Pre-selection

® Dimuon event selection
— Select isolated muon pT>24 (26) GeV in 2015 (2016)
— |n| of muon < 2.5
— Dimuon pair (u+,u-) with invariant mass in the range [110-

160] GeV
— The dimuon momentum balance in H-rest frame
—}_I_ —
[ 2
Pt + |p|

® Based on MC data, the pre-selection efficiencies are:
— 57% efficient for ggH
— 59% efficient for VBF
— 51% efficient for both WH and ZH
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Event Categorization

H-=mumu event
selaction

v

VEF Tight
1 AN
v N
Iml VBF Loose

| ./l k

~ « VBF-BDTdiscriminant

Used in publication variable (new in Run 2)
| ~ VBF tight (BDT score > 0.9)

- VBF loose (BDT score >
0.7)

* ggH - kinematic cuts

o — central or non-central

{_/

high Pt

} H dimuon

med Pt

gaf high | |gaf high  |gaf medium

— \ﬁ\:-\, - pT bins: low, medium, high

gaf medium || ggf low || gaf low
non-cent. central | non-cent.

~ |central non-cent. | central
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" EXPERIMENT

Run 281411, Event 312608026
Time 2015-10-11, 18:4@ CEST

m(y, u) = 124 GeV
m(jet, jet) = 1237 GeV

TMVA overtraining check for classifier: BDT_newvbfmc15¢c

(1/N) dN / dx

18 [~
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_ Slgll'-al (test samﬁle) I Sllgnél (tL‘aInllngI salmphe) S E

/| Background (test sample) » Background (training sample) —:

El(o Imogorov-Smirnov test: signal (background) probability = 0.865 (0.932) —:
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= -_1e
= ]2
= 4z
=il ]
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=8 ofe 3
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” |8
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o abiavis —— bt
BDT_newvbfmc15c response

VBF BDT Discriminant
Variable

" | Rank | Variable | Importance
: 1 A’I’}jj 2.4e-1
é 2 mgj 2.7e-1
| 3 it 1.3e-1
é 4 ARjj 9.2e-2
s P 5.4e-2
; 6 Yupjl 5.2e-2
7 centrality 4.7e-2
8 Ht 4.30-2
9 pit 4.0e-2
|10 Emiss 3.3¢-2
o1 Ypuis 2,7e-2
|12 ppail 2.3e-2
|13 priz 1.9¢-2
é 14 Yupj2 1.6e-2
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H—pu detection from VBF/ggH
[arXiv:1705.04582]
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The upper limit on the cross-section times branching ratio is 3.0 times the Standard
Model prediction at the 95% confidence level
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Event Categorization

* \VH - kinematic cuts

H-=mumu event NeW - Work in

selection

I progress — pp+pp for H2pp, Z>up
jﬁéﬂim ~ pp+ee for H>pp, Z>ee
!‘;551 ;L — up+1l for H2>pu, W->nl
- Jma‘xm — Categories for
@’E@ {;%11'& VH-2jj+uu and

ZH->vv+uy are being
studies, but these events
have low S/B
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New VH Categories

Category Requirement

VH — pp+ pp additional dimuon pair
one dimuon mass in Higgs range (110-160 GeV)
simultaneous dimuon mass in Z range (75-110 GeV)

VH — ee+ pup additional dielectron pair
one dielectron pair in Z range
VH — e+ pu additional electron

No b-jet in event
40 < MPMET < 200GeV
Pg > 30GeV
VH — p+ pp additional muon
No dimuon pair in Z range
One dimuon pair in Higgs range
Third muon (ux) with P/** > 30GeV
No b-jet in event
40 < MPMET < 200GeV
VH — dijets + pp  Two or more jets in event
For both jets, |n| < 3
APrr dijet > 2
61 < mj; < 121 GeV
VH - MET + uu  Zero additional leptons
Ang,met > 2
MFET > 80GeV
No b-jet in event
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Mup VH pu+11

Normalized to 36.1fb-1
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Compare Sensitivities
* Combined sensitivity at 36.1fb-"

Results with ggH & VBF New results: add VH
(published) Working In progress

S B|S/VB| FWHM | Data Category Signal | Background S/B | S//B
Central low p 11| 8000 | 0.12|5.6GeV | 7885 VH pptee 0.06 2.30 | 0.0253 | 0.0384
Non-central low p4/ 32 | 38000 | 0.16 | 7.0GeV | 38777 | | VH putpp 0.06 4.21 | 0.0149 | 0.0306
Central medium p/ 23| 6400 | 029 | 5.7GeV | 6585 | | VH pptll 0.61 30.12 | 0.0201 | 0.1106
Non-central medium pf* | 66 | 31000 | 0.37 | 7.1 GeV | 31291 | | VBE tight 4.01 113.58 | 0.0353 | 0.3767
Central high p{-Il‘” 16 3300 028 | 6.3 GeV 3160 VBF loose 4.01 337.66 | 0.0119 | 0.2180
Non-central high p};‘.u 40 | 13000 035 | 7.7 GeV | 12829 ggH cental low pT 12.27 11773.04 | 0.0010 | 0.1131
VBF loose 3.4 260 021 | 7.6 GeV 274 ggH cental mid pT 28.29 10674.04 | 0.0026 | 0.2738
gegH non-central low pT 31.86 41451.21 | 0.0008 | 0.1565
ggH non-central mid pT 72.87 38152.81 | 0.0019 | 0.3731
gegH non-central high pT 51.83 19241.19 | 0.0027 | 0.3736
Combined Combined
significance: 0.806 o significance: 0.822 o
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Summary

® The recent ATLAS published upper limit on the cross-section

times branching ratio for H=>ppu is 3.0 times the SM prediction
at the 95% C.L.

® Continue work in Run 2 data analysis
— Include the VH and ttH categories in analysis
— Further train BDTs for VH and ttH categories
— Optimize priority of new categories

® Prospect:
— The expected significance (S/sqrt(B+S)) of H->uu detection
Is 2.40 (or better) for 300 b

Thanks to Michigan, LAL Orsay, DOE, OST
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Backups

Aaron White -- Michigan, LAL Orsay



Physics object selection

Muon selection

pizel SCT
Mhits > U’ Nhits > 45

ID hits pizel+SCT <3 npz'.a:el-i—TR_T ~5
Electron selection TRT O TRy | eToullers |
Identification selection imedium Phats > 0-1 X Mgt ousiers for 0-1 < In <19
P PTGy " ot <2 1 <01
MDT/CSC hits layerholes ‘
guality k]?(') 1:<“2le&7]’3(13ng STT|]?*_3,|RJ<E Ll §C21TRON . / 1 . where hit layers are defined for .
ayers in MDT or CSC with at least three hits.
Isolation LooseTrackOnly Track Quality q/p significance < 7
Impact parameter d |d?’3; f;sz'gni figance| <5 Pt Pt>15GeV
Impact parameter z |zg ¥ x sinf| < 0.5mm n In[ < 2.5
Isolation LooseTrackOnly
Impact parameter d  |d5Lsignifigance| < 3
Impact parameter z |z ¥ x sin(f)| < 0.5bmm
Jet selection
Jets are built using Identification selection imedium
. . Pt Pt>25GeV for |n| < 2.4 and Pt>30GeV for 2.4 < || < 4.5
the anti-kt algorlthm Cleaning Not BadLoose

Jet Vertex Tagger

JVT>0.59 for Pt<60GeV and n < 2.4

b-jet

Pass MC2c10 60%

Aaron White -- Michigan, LAL Orsay



Backup - combining VH into
VBF/ggH

o h B,
H-=mumu event MNdat=4 Y
G sy —» |
selection bjet=1 L ttH 7
<3 o
addiﬁona.rll
F leptons
VH Leptonic
categorization
: : no additional .
=2 11 leptons no addtional
v } leptons
Huu+Zee ZHP——N—» WH? nJet <2
Huu+Zuu ¥ ; : ttHimulti lepton)

J 1 or bjet

Y M
Huu+Wev }_4_// 1
Huu+Wuw

Huu+ ==2jets

[

VBF
VBF Loose -1—\:;BDT —N—> VH?—N—>  ggF+ZWH |

| k

mjj = 200 ¥
VBF Tight Idetay)l>3 Large No large
Huu+V(jj)

I MJets<2

Y1*¥2<0 MET MEi
VHT? —N— ggH
-

o Al M

high Pt med Pt low Pt

) ey

gaf high | |gofhigh ||ggf medium | |gaf medium | |gaf low | |gaf low
central barrel central barrel central | |[barrel

Aaron White -- Michigan, LAL Orsay



20—

< . SRR EEART AAALE RALEN EELEE LLERS LE=
~ ATLAS Internal E

§ e — Observed .
€ 16F Vs=13TeV,36.1 fb’ -Expected
o 14 Hopy Wo E
e 120 20 E
‘6\0. - —
wn — -
o 10— =
8 _;

6 =

4+ =

2 =

0: v 4o b e o b by e by by s 1y ]:

115 120 125 130 135 140 145

m, [GeV]

Figure 11: Observed and expected 95%
CL limits on signal strength using 13
TeV data.
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